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This paper presents divergent contributions of the radiative corrections for a Lorentz-violating extension of
the scalar electrodynamics. We initially discuss some features of the model and extract the Feynman rules. Then
we compute the one-loop radiative corrections using Feynman parametrization and dimensional regularization
in order to evaluate the integrals. We also discuss Furry’s theorem validity and renormalization in the present
context.
I. INTRODUCTION
The Standard Model (SM) of particle physics, which de-
scribes three of the four fundamental interactions, namely
the electromagnetic, weak and strong interactions, possesses
symmetry S U(3) × S U(2) × U(1) and it is invariant under
Lorentz and CPT transformations. Despite its phenomeno-
logical success the SM leaves some open questions, such as
the hierarchy problem and the lack of a quantum description
of gravity. Hence it is believed that the SM must be the low
energy limit of a more fundamental theory that should unify
the SM and the gravitational interaction, providing a quantum
description of gravity.
The String Theory [1] provides a quantum description of
gravity, however, it lies on the Planck scale, which is of the
order of 1019GeV , seventeen magnitudes order greater than
the electroweak scale associated with the SM. Hence, due to
the impossibility of direct experimental verification of string
theory an extension of the SM searching for low energy mea-
surable effects was proposed by Kostelecky [2–5]. The Stan-
dard Model Extension (SME) [6, 7] is an effective field theory
that includes in its lagrangian all the possible terms that vi-
olate Lorentz and CPT symmetries. More recently the SME
was divided into two sectors, the minimal sector which pos-
sesses only operators with mass dimension d ≤ 4, and the
non-minimal sector with mass dimension operators d ≥ 5.
The minimal extension of SME was extensively studied in
the last years in several contexts, such as radiative corrections
[8, 9], neutrinos oscillations [10–12], Euler-Heisenberg effec-
tive action [13], gravitational context [14, 15], among oth-
ers. The non-minimal extension, despite its posses only non-
renormalizable terms, have been receiving attention in the lit-
erature [16–20]. A strong motivation lies in the fact that some
relevant astrophysical processes impose severe restrictions on
the coefficients associated with the operators with dimension
d ≥ 5, being such contributions comparable or even dominant
when compared with the ones that arise from dimension d ≤ 4
operators.
Recently a Lorentz-violating extension of the scalar sector
was proposed by Kostelecky [21] in which is presented a gen-
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eral effective scalar field theory in any spacetime dimension
that contains explicit perturbative spin-independent Lorentz
violating operators of arbitrary mass dimension. This con-
struction is important because the great majority of the fun-
damental particles of the SM have spin, being the Higgs bo-
son the only example of a fundamental spinless particle in
the SM. Despite the minor role played by the scalar sector
of QED (sQED), compared to the strong interaction, in de-
scribing the coupling between mesons, it was argued [22] that
a Lorentz-violating extension of sQED could be an effective
way of treating small CPT deviations in neutral-mesons oscil-
lations.
In this paper, we evaluate the divergent contributions from
the one-loop radiative corrections for the Lorentz violating
scalar extension of the scalar electrodynamics proposed in
[21]. We perform the calculations by the explicit computa-
tion of all Feynman diagrams involved considering only linear
contributions in the Lorentz violating terms. We also calculate
all the renormalized parameters besides checking the validity
of Furry’s theorem.
This paper is organized as follows: in the next section, we
present the model itself, some properties regarding the dis-
crete symmetries, and the Feynman rules. In section III, we
calculate the one-loop radiative corrections for the photon and
scalar propagators, as well as the one-loop corrections for
the vertex. In section IV, we present a generalization of the
Furry’s theorem for the present model, in section V, we renor-
malize it and, in section VI, we draw our final remarks.
II. MODEL AND FEYNMAN RULES
The model we are considering consists of a minimal cou-
pling between the scalar sector of the Lorentz-violating exten-
sion of the standard model, recently proposed by Kostelecky
[21], with the electromagnetic field and the usual Maxwell
term as the pure gauge sector. Hence the lagrangian describ-
ing the system is
L = Gµν(Dµφ)∗Dνφ − m2φ∗φ −
i
2
[φ∗kˆµa Dµφ − φkˆµa(Dµφ)∗]
−1
4
FµνF
µν +
λ
4
(φ∗φ)2, (1)
2where the covariant derivative is defined as Dµ = ∂µ − ieAµ,
and the tensor Gµν = gµν + (kˆc)
µν is composed by the
Minkowski metric tensor gµν = diag(1,−1,−1,−1) and a
Lorentz-violating traceless constant tensor (kˆc)
µν. The tensors
(kˆc)
µν and kˆ
µ
a promotes the violation of the Lorentz invariance
by breaking the equivalence between particle and observer
transformations. Such tensors, assumed to be constant, im-
ply the independence of the space-time position, which yields
translational invariance assuring the conservation of momen-
tum and energy.
In order to extract the Feynman rules of the model, it is
convenient to split the Lagrangian into three pieces,
L = LS +LG +LI , (2)
being
LG = −
1
4
FµνF
µν, (3)
LS = Gµν(∂µφ)∗∂νφ − m2φ∗φ −
i
2
[φ∗kˆµa∂µφ − φkˆµa(∂µφ)∗],(4)
LI = ieGµνAµφ∗∂νφ − ieGµν∂µφ∗Aνφ + e2GµνAµφ∗Aνφ
−eφ∗kˆµa Aµφ +
λ
4
(φ∗φ)2. (5)
From the Gauge sector, we obtain the photon propagator,
which is usual. The scalar sector gives us the scalar field prop-
agator. The presence of the Lorentz violating terms gives rise
to two insertions in the scalar propagator. A new vertex is con-
structed from the Lagrangian of interaction, which also has
two contributions, one from (kˆc)
µν and the other from (kˆa)
µ. In
summary, the Feynman rules are composed by the usual scalar
QED, which are:
k
= − ig
αβ
k2
= Dαβ(k) (6a)
p
=
i
p2 − m2 = S (p) (6b)
p
q
k
= −iegβµ(pµ − qµ) = Vβ3 (6c)
p
q
k
t
= 2ie2gαβ = V
αβ
4
, (6d)
= −iλ (6e)
and the new vertex and propagators insertions,
p
= i(kˆc)
µνpµpν (7a)
p
= ikˆ
µ
a pµ (7b)
p
q
k
= −ie(kˆc)βµ(pµ − qµ) = Vβ3kk (7c)
p
q
k
= −ie(kˆa)β = Vβ3k (7d)
p
q
k
t
= 2ie2(kˆc)
αβ = V
αβ
4k
. (7e)
Regarding the analysis of the discrete symmetries on the LV
tensors kˆ
µ
a and (kˆc)
µν, the results are summarized in the table.
As we can see the tensor kˆ
µ
a is CPT-odd while (kˆc)
µν is CPT-
even. The PT symmetry is always preserved, however, effects
of CP violation can be sawed with the kˆ0a and (kˆc)
0i compo-
nents. We can also see that there is a violation of the charge
conjugation symmetry in every component of the tensor kˆ
µ
a .
Such a violation plays a major role in the calculation of the
one-loop radiative corrections, as it will be shown later.
C P T CPT
kˆ0a - + + -
kˆia - - - -
(kˆc)
00, (kˆc)
i j + + + +
(kˆc)
0i + - - +
III. RADIATIVE CORRECTIONS
In this section, we will calculate the divergent contributions
of the one-loop radiative corrections for the present Lorentz
violating scalar sector of QED. The calculations were done us-
ing standard Feynman diagram computation and dimensional
regularization.
A. Vacuum polarization
Initially, we will calculate the vacuum polarization consid-
ering the coefficient (kˆc)
µν. The complete polarization ten-
sor which gives us the correction for the photon propagator is
given by
T µν(k) = T
µν
a (k) + T
µν
b
(k) + T
µν
c (k) + T
µν
d
(k) + T
µν
e (k) + T
µν
f
(k).
(8)
Each one of the contributions in T µν(k) stand for the following
Feynman graphs
3p
p + k
k k
= T
µν
a (k) (9a)
p
p + k
k k
= T
µν
b
(k) (9b)
p
p + k
k k
= T
µν
c (k) (9c)
p
p + k
k k
= T
µν
d
(k) (9d)
p
= T
µν
e (k) (9e)
p
= T
µν
f
(k). (9f)
We are considering only the first-order contribution in the co-
efficient (kˆc)
µν since it is expected that the bounds on Lorentz
violating coefficients to be small. The integrals related to each
one of the above graphs are the following:
T
µν
a (k) =
∫
d4p
(2π)4
S (p)V
µ
3kk
S (p1)V
ν
3 , (10)
T
µν
b
(k) =
∫
d4p
(2π)4
S (p)V
µ
3
S (p1)V
ν
3kk, (11)
T
µν
c (k) =
∫
d4p
(2π)4
S (p)[i(kˆc)
αβpαpβ]S (p)V
µ
3
S (p1)V
ν
3 ,(12)
T
µν
d
(k) =
∫
d4p
(2π)4
S (p)V
µ
3
S (p1)
×[i(kˆc)αβp1αp1β]S (p1)Vν3 , (13)
T
µν
e (k) =
∫
d4p
(2π)4
V
µν
4k
S (p), (14)
T
µν
f
(k) =
∫
d4p
(2π)4
V
µν
4
S (p)[i(kˆc)
αβpαpβ]S (p). (15)
In the above equations p1 = p + k. To solve the Feynman
graphs properly we make use of Feynman parametrization
in order to write the denominators in a more suitable way.
Hence, after the Feynman parametrization, we obtain
T
µν
a (k) = e
2(kˆc)
µα
∫ 1
0
dx
∫
d4p
(2π)4
(2q + k)α(2q + k)
ν
(p2 − M2)2 ,
T
µν
b
(k) = e2(kˆc)
να
∫ 1
0
dx
∫
d4p
(2π)4
(2q + k)µ(2q + k)α
(p2 − M2)2 ,
T
µν
c (k) = −2e2(kˆc)αβ
∫ 1
0
dx
∫
d4p
(2π)4
xqαqβ(2q + k)
µ(2q + k)ν
(p2 − M2)3 ,
T
µν
d
(k) = −2e2(kˆc)αβ
∫ 1
0
dx
∫
d4p
(2π)4
(1 − x)q1αq1β(2q + k)µ(2q + k)ν
(p2 − M2)3 ,
T
µν
e (k) = 2e
2(kˆc)
µν
∫
d4p
(2π)4
1
(p2 − m2) ,
T
µν
f
(k) = −2e2gµν(kˆc)αβ
∫
d4p
(2π)4
pαpβ
(p2 − m2)2 ,
where q1 = q + k while
q = p − (1 − x)k (16)
M2 = m2 + x(x − 1)k2. (17)
Note that the use of Feynman parametrization is not required
to solve the tadpoles. We employ dimensional regularization
in order to isolate the divergencies emergent from the graphs.
The procedure consists in to extend the space-time from 4 to D
dimensions, so that integration measure goes from d4p/(2π)4
to µ4−DdD p/(2π)D, where µ is a mass regulator. This gives us
the following result
T µν(k) = − ie
2
48π2ǫ
{
gµν[2kαkβ(kˆc)
αβ − κk2] + 2k2(kˆc)µν
+ κkµkν − 2kνkα(kˆc)αµ − 2kµkα(kˆc)αν
}
, (18)
being κ = gαβ(kˆc)αβ and ǫ = D − 4. Note that the above
expression is gauge invariant. Considering the fact that the
tensor (kˆc)αβ is traceless, the above expression resumes to
T µν(k) = − ie
2
24π2ǫ
{
kαkβ(kˆc)
αβgµν + k2(kˆc)
µν
− kνkα(kˆc)αµ − kµkα(kˆc)αν
}
. (19)
The contributions of the Lorentz-violating tensor kˆ
µ
a in the
photon propagator are given by the following Feynman graphs
4p
p + k
k k
= R
µν
a (k) (20a)
p
p + k
k k
= R
µν
b
(k) (20b)
p
p + k
k k
= R
µν
c (k) (20c)
p
p + k
k k
= R
µν
d
(k) (20d)
p
= R
µν
e (k). (20e)
Analogously to the contribution from kˆ
µν
c , the contribution
from kˆ
µ
a is given by the sum of all the graphs in (20). Then,
we have:
Rµν = R
µν
a + R
µν
b
+ R
µν
c + R
µν
d
+ R
µν
e . (21)
Note that due to the absence of a vertex with two-photon leg
there is one less tadpole contribution. All the contributions in
the above expression are explicitly written as:
R
µν
a (k) =
∫
d4p
(2π)4
S (p)V
µ
3k
S (p1)V
ν
3 , (22)
R
µν
b
(k) =
∫
d4p
(2π)4
S (p)V
µ
3
S (p1)V
ν
3k, (23)
R
µν
c (k) =
∫
d4p
(2π)4
S (p)[i(kˆa)
αpα]S (p)V
µ
3
S (p1)V
ν
3 , (24)
R
µν
d
(k) =
∫
d4p
(2π)4
S (p)V
µ
3
S (p1)[i(kˆa)
αp1α]S (p1)V
ν
3 , (25)
R
µν
f
(k) =
∫
d4p
(2π)4
V
µν
4
S (p)[i(kˆa)
αpα]S (p). (26)
The Feynman parametrization used to solve the above inte-
grals are the same presented in (16). After employing dimen-
sional regularization we reach at a null result for all the con-
tributions emergent from the tensor (kˆa)
µ, i.e., Rµν = 0. Such
null result can be interpreted as a consequence of the charge
symmetry conservation, as we will discuss in more detail in
the next section.
B. Scalar propagator correction
The corrections for the scalar propagator are given by
Σ(p) = Σa(p) + Σb(p) + Σc(p) + Σd(p). (27)
Analogously to the procedure used to find the corrections for
the photon propagator, each term in the above equation is re-
lated to one Feynman graph. All the Feynman graphs are de-
picted below:
p p−k
k
= Σa(p) (28a)
p p−k
k
= Σb(p) (28b)
p p−k
k
= Σc(p) (28c)
p
k
= Σd(p) (28d)
= Σe(p) (28e)
Where the quantities Σa(p), Σb(p), Σc(p) and Σd(p) are defined
by
Σa(p) =
∫
d4k
(2π)4
V
µ
3L
S (p − k)Vν3Dµν(k), (29)
Σb(p) =
∫
d4k
(2π)4
V
µ
3
S (p − k)Vν3LDµν(k), (30)
Σc(p) =
∫
d4k
(2π)4
V
µ
3
S (p)[i(kˆc)
αβpαpβ]S (p)V
ν
LDµν(k),(31)
Σd(p) =
∫
d4k
(2π)4
V
µν
4k
Dµν(k), (32)
Σe(p) =
∫
d4k
(2π)4
S (k)[i(kˆc)
αβpαpβ]S (k)(−iλ). (33)
We also make use of Feynman parametrization to write the
denominators in a proper way. This gives us the following
expressions
5Σa(p) = −e2(kˆc)µα
∫ 1
0
dx
∫
d4k
(2π)4
(2p − q)α(2p − q)µ
(k2 − M2)2 ,
Σb(p) = −e2(kˆc)αν
∫ 1
0
dx
∫
d4k
(2π)4
(2p − q)ν(2p − q)α
(k2 − M2)2 ,
Σc(p) = 2e
2(kˆc)
αβ
∫ 1
0
dx
∫
d4k
(2π)4
x(2p − q)µq1αq1β(2p − q)µ
(k2 − M2)3 ,
Σd(p) = −2e2(kˆc)µµ
∫
d4k
(2π)4
1
k2
,
Σe(p) = −λ(kˆc)αβ
∫
d4k
(2π)4
kαkβ
(k2 − m2)2 ,
with the following displacements in the momentum and mass:
q = k + xp, (34)
M2 = xm2 − (1 − x)xp2. (35)
As it was already discussed previously, we are considering the
tensor (kˆc)
µν to be traceless. So that the contributions Σd(p)
and Σe(p) vanish. In order to solve the integrals, we also use
dimensional regularization, which gives us
Σ(p) = − ie
2
2π2ǫ
(kˆ
αβ
c )pαpβ. (36)
The contribution of kˆ
µ
a to the scalar propagator is given by
the following graphs
p p−k
k
= ∆a(p) (37a)
p p−k
k
= ∆b(p) (37b)
p p−k
k
= ∆c(p) (37c)
= ∆d(p). (37d)
which gives us the following correction for the scalar propa-
gator
∆(p) = ∆a(p) + ∆b(p) + ∆c(p) + ∆d(p) = −
ie2
4π2ǫ
kˆ
µ
a pµ. (38)
Note that, unlike the usual scalar QED, there is no λ depen-
dence in the corrections to the scalar self-energy.
C. Scalar-scalar-photon vertex correction
The vertex corrections are divided into three contributions:
those that correct the vertex scalar-scalar-photon, those that
correct the vertex scalar-scalar-photon-photon, and those that
correct the four-scalar vertex.
The graphs correcting the scalar-scalar-photon vertex with
contribution from the tensor (kˆc)
µν are depicted in Fig. 1,
while the corrections emergent from the tensor (kˆa)
µ are pre-
sented in Fig. 2, however, the scalar-scalar-photon vertex cor-
rection with dependence on λ is depicted in Fig. 3.
(a) (b) (c)
(d) (e)
(f) (g) (h)
(i) (j) (k)
FIG. 1: Scalar-scalar-photon vertex correction from (kˆc)
µν.
(a) (b) (c)
(d) (e)
(f) (g)
(h) (i)
FIG. 2: Scalar-scalar-photon vertex correction from (kˆa)
µ.
6(a) (b)
FIG. 3: Scalar-scalar-photon vertex correction with dependence in λ.
Contributions from (a) (kˆa)µ and (b) (kˆc)µν.
All the contributions from Fig. 1 and Fig. 2 were explic-
itly calculated and the results are reported in the equations
(39). Fig. 3 shows the graphs with corrections to the scalar-
scalar-photon vertex with dependence in λ. Hence the vertex
corrections are the following:
Λcµ =
ie3
2π2ǫ
(kˆc)µα(2p
α + p′α), (39a)
Λaµ =
ie3
4π2ǫ
(kˆa)µ, (39b)
where pα stands for the incoming scalar momentumwhile p′α
stands for the incoming photon momentum. Note that, as ex-
pected, there is no λ contribution.
D. Scalar-scalar-photon-photon vertex correction
The divergent contributions for the scalar-scalar-photon-
photon correction are then summarized in the following re-
sults:
Λcµν = −
ie4
π2ǫ
(kˆc)µν, (40a)
Λaµν = 0. (40b)
Note that there are no λ-dependent terms, which is in agree-
ment with Ward’s identity.
E. Scalar-scalar-scalar-scalar vertex correction
Let us, finally, calculate the contributions to the scalar
field self-interaction vertex. The contributions which correct
the scalar field self-interaction vertex are depicted in the ap-
pendix. First, the graphs from (19) vanish. Those with (kˆa)
µ
vanish in the integration level while the ones with (kˆc)
µν dis-
appear due to the fact that (kˆc)
µν is traceless.
The graphs depicted in Fig. 20 also vanish by the same
reason as the ones of Fig. 19. The permutations implicit in
the figure take into account graphs with opposite charge flow.
The Feynman diagrams presented in Fig. 21 are all finite,
as we can see by a simple power counting. In the diagrams
depicted in Fig. 22, the (a) and (b) contributions are finite,
and the (c) and (d) contributions are divergent. However, the
divergent term is proportional to (kˆc)
β
β
, which vanishes since
the tensor (kˆc)
µν is traceless. Analogously to the diagrams in
Fig. 21, the ones in Fig. 23 are all finite, while those in Fig.
24 vanish, since the tensor (kˆc)
µν is traceless. All the diagrams
depicted in Fig. 25 and Fig. 27 are finite and the divergent
contributions of Fig. 26 and Fig. 28 are proportional to the
trace of (kˆc)
µν.
From a loop of photons, the allowed possibilities for the
scalar-scalar scattering are depicted in Fig. 33. Note that there
is no contribution from (kˆa)
µ and the contributions from (kˆc)
µν
vanish.
IV. GENERALIZED FURRY THEOREM
In the spinor QED, the Furry theorem states that any
fermion loop with an odd number of external photon legs has
a null amplitude. This result is an immediate consequence
of the charge conjugation symmetry. In this section, we
will establish the validity of Furry’s theorem for the Lorentz-
violating scalar QED. Initially consider the graphs depicted in
Fig. 4.
(a) (b)
FIG. 4: Feynman graphs for a scalar loop with three external photon
legs with opposite loop orientations - LV vertex.
The loop described in Fig. 4a is written as
L
µνλ
a = −e3
∫
d4p
(2π)4
(kˆc)
µα(p + p1)α(p1 + p12)
ν(p12 + p)
λ
(p2 − m2)(p2
1
− m2)(p2
12
− m2) ,
(41)
while the counterclockwise one, described in Fig. 4b, is given
by
L
µνλ
b
= −e3
∫
d4q
(2π)4
(q + q3)
λ(q3 + q32)
ν(q32 + q)α(kˆc)
αµ
(q2 − m2)(q2
3
− m2)(q2
32
− m2) .
(42)
Being the orientation the only difference between the two
loops, it is reasonable to set q = −p. Besides, the momentum
conservation requires that
∑
ki = 0, so that, k3 = −k1 − k2.
Hence q3 = −p12 and q32 = −p1. Therefore, it is straightfor-
ward to see that
L
µνλ
a = −Lµνλb , (43)
7which means that the total amplitude is null because the con-
tributions with opposite orientations cancel each other. An
analogous procedure for the insertion in the propagator, as de-
picted in Fig. 5, yields the same result, i.e., the amplitudes
with opposite orientations cancel each other. The same can-
(a) (b)
FIG. 5: Feynman graphs for a scalar loop with three external photon
legs with opposite loop orientations - insertion in the propagator.
cellation is evident when we consider the other possible Feyn-
man graphs containing a scalar loop with three external pho-
ton legs as depicted in Fig. 6
(a) (b)
FIG. 6: Feynman graphs for a scalar loop with three external photon
legs with opposite loop orientations - insertion in the propagator.
Besides that, considering now the contribution emergent
from tensor kˆ
µ
a it is straightforward to see that the same does
not occur. Instead of the cancellation of the opposite orienta-
tion contributions, they add to each other. This no cancellation
result is a consequence of the charge violation symmetry im-
posed by the kˆ
µ
a tensor. In fact, it is possible to extend the
above result of the three external photon legs contribution to
any odd number of external photon legs by considering the
charge conjugation operator Cˆ. The effect of the charge conju-
gation operator is not related to the spacetime but to the fields.
Such operator act by interchanging particles and antiparticles,
so that Cˆφ(x, t)Cˆ = φ∗(x, t). However, the net effect of Cˆ in the
Feynman rules can be described by considering Cˆ pµCˆ = −pµ,
which gives us
CˆS (p)Cˆ = S (−p) = S (p) (44)
CˆIkk(p)Cˆ = Ikk(−p) = Ikk(p) (45)
CˆIk(p)Cˆ = Ik(−p) = −Ik(p) (46)
CˆV
β
3
(p, q)Cˆ = V
β
3
(q, p) = −Vβ
3
(p, q) (47)
CˆV
αβ
4
Cˆ = V
αβ
4
(48)
CˆV
β
3kk
(p, q)Cˆ = V
β
3kk
(q, p) = −Vβ
3kk
(p, q) (49)
CˆV
β
3k
Cˆ = V
β
3k
(50)
CˆV
αβ
4k
Cˆ = V
αβ
4k
. (51)
Hence, inserting an identity operator identified as I = CˆCˆ be-
tween each propagator and vertex, it is possible to see the can-
cellation of any loop with an odd number of external photon
legs for the contributions with (kˆc)
µν, and also the cancellation
of any loop with an even number of external photon legs for
kˆ
µ
a . An immediate consequence of this fact is the absence of
contribution from kˆ
µ
a to the Euler-Heisenberg action in scalar
QED.
V. RENORMALIZATION
In this section, we will perform the renormalization Lorentz
violating model of scalar electrodynamics. Let us first sum-
marize all the radiative corrections calculated in the previous
sections. Considering Πµν(k) = T µν(k) + Rµν(k), ΣT (p) =
Σ(p) + ∆(p), Λµ = Λ
c
µ + Λ
a
µ and Λµν = Λ
c
µν + Λ
a
µν, we have,
Πµν(k) = − ie
2
24π2ǫ
{
kαkβ(kˆc)
αβgµν + k2(kˆc)
µν
− kνkα(kˆc)αµ − kµkα(kˆc)αν
}
, (52)
ΣT (p) = −
ie2
4π2ǫ
[
(kˆa)
µpµ + 2(kˆc)µνp
µpν
]
, (53)
Λµ =
ie3
4π2ǫ
[
4pα(kˆc)αµ + (kˆa)µ
]
, (54)
Λµν =
ie2
π2ǫ
(kˆc)µν. (55)
Considering the renormalization parameters of the usual
scalar QED model, in which φB =
√
Z2φ, Aµ =
√
Z3Aµ,
m2
B
= ZmZ
−1
2
m2, eB = Z1Z
−1/2
3
Z−1
2
e and λB = Z4Z
−2
2
λ, we are
in a position to renormalize the LV tensors (kˆa)
µ and (kˆc)
µν.
Then a straightforward calculation gives us
(kˆ
µ
a)B = ZkZ
−1
2 (kˆ
µ
a), (56)
(kˆ
µν
c )B = ZkkZ
−1
2 (kˆ
µν
c ), (57)
so that we can rewrite a bare Lagrangian free of divergences
as
LB = GµνB (DµBφB)∗(DνBφ) − m2Bφ∗BφB −
1
4
F
µν
B
FµνB +
− i
2
[φ∗B(kˆa)
µ
B
DµBφB − φB(kˆa)µB(DµBφB)∗] +
λB
4
(φ∗BφB)
2,
(58)
where G
µν
B
= gµν + (kˆc)
µν
B
, F
µν
B
= ∂µAν
B
− ∂νAµ
B
and DµB =
∂µ − ieAµB.
VI. FINAL REMARKS
In this paper we studied the Lorentz-Violating extension of
scalar sector recently proposed by Kostelecky [21]. By cou-
pling the scalar field with the gauge field we focused our at-
tention on the LV extension of the scalar QED. We discussed
8some features of the model and extracted the Feynman rules.
We also calculated the one-loop radiative corrections for the
photon and scalar propagators, as well as the corrections for
the scalar-scalar-photon vertex, scalar-scalar-photon-photon
vertex, and the scalar-scalar-scalar-scalar vertex. We reported
here only the divergent contributions since we were interested
in renormalizing the model.
We would like to highlight here that, despite the Lorentz
symmetry violation, the gauge symmetry remains unbroken,
and, therefore, the Ward identity for scalar QED follows, as
we can see from the radiative corrections of the three-vertex
and four-vertex. The non-emergence of a mass term for the
photon also follows from Ward’s identity for the photon’s 2-
point function.
The finite contributions were calculated with a symbolic
program based on Mathematica, but they were too lengthy to
be reported here. We verified the validity of Furry’s theorem
in the context of the LV-sQED and calculated the renormal-
ized LV tensors. The results we achieved in this paper are
a natural development of the Lorentz-Violating extension of
scalar QED. The finite contributions will be shown in a future
paper aiming to establish bounds on the LV parameters.
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Appendix: Feynman diagrams
FIG. 7: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ -
Contribution 1.
FIG. 8: Scalar-scalar-photon-photon vertex correction from (kˆc)
µν -
Contribution 1.
9FIG. 9: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ -
Contribution 2.
FIG. 10: Scalar-scalar-photon-photon vertex correction from (kˆc)
µν -
Contribution 2.
FIG. 11: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ -
Contribution 3.
FIG. 12: Scalar-scalar-photon-photon vertex correction from (kˆc)
µν -
Contribution 3.
FIG. 13: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ -
Contribution 4.
FIG. 14: Scalar-scalar-photon-photon vertex correction from (kˆc)
µν -
Contribution 4.
FIG. 15: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ
and (kˆc)
µν - Contribution 5.
FIG. 16: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ -
Contribution 6.
10
FIG. 17: Scalar-scalar-photon-photon vertex correction from (kˆc)
µν -
Contribution 6.
FIG. 18: Scalar-scalar-photon-photon vertex correction from (kˆa)
µ
and (kˆc)
µν - Contribution 7.
FIG. 19: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ and
(kˆc)
µν - Contribution 1.
+ 1 Permutation for each graph
FIG. 20: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ and
(kˆc)
µν - Contribution 2.
(a) (b)
(c) (d)
FIG. 21: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 3.
(a) (b)
(c) (d)
FIG. 22: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 4.
(a) (b)
(c) (d)
FIG. 23: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 5.
11
(a) (b)
(c) (d)
FIG. 24: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 6.
FIG. 25: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 7.
FIG. 26: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 8.
FIG. 27: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 9.
FIG. 28: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 10.
FIG. 29: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 11.
FIG. 30: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 11.
FIG. 31: Scalar-scalar-scalar-scalar vertex correction from (kˆa)
µ -
Contribution 12.
12
FIG. 32: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 13.
(a) (b)
+1 permutation for each graph
FIG. 33: Scalar-scalar-scalar-scalar vertex correction from (kˆc)
µν -
Contribution 14.
